N -extended massless arbitrary integer and half-integer spin supermultiplets in four dimensional flat space are studied in the framework of light-cone gauge formalism. For such multiplets, by using light-cone momentum superspace we build unconstrained light-cone gauge superfield formulation. The superfield formulation is used to develop a superspace representation for all cubic interactions vertices of N -extended massless supermultiplets. Our suitable treatment of light-cone gauge superfields allows us to obtain attractively simple superspace representation for the cubic interaction vertices.
Introduction
In view of aesthetic features, N -extended supersymmetric theories have attracted considerable interest during long period of time. As is known, light-cone gauge approach offers considerable simplifications for study of supersymmetric theories. For this reason, the N -extended supersymmetric theories have extensively been studied in the framework of this approach. We mention application of light-cone formalism for investigation of ultraviolet finiteness of N = 4 Yang-Mills theory in Refs. [1, 2] . Also we note that the light-cone gauge formulation of type IIB supergravity in 10d flat space and AdS 5 × S 5 space was developed in the respective Ref. [3] and Ref. [4] , while the study of type IIA and IIB light-cone gauge superstring field theories may be found in Refs. [5] . Discussion of recent interesting application of light-cone formalism for studying N = 8 supergravity may be found in Refs. [6, 7] .
Attractive example of application of light-cone gauge formalism is a supersymmetric higherspin massless field theory. This is to say that, in the framework of light-cone gauge approach, a cubic interaction vertex of the scalar arbitrary N -extended supermultiplet, N = 4N, in 4d flat space was obtained in Ref. [8] , while in Ref. [9] , for the case of massless arbitrary spin (integer and half-integer) N = 1 supermultiplets in 4d flat space we obtained the full list of cubic interaction vertices. Result in Ref. [9] provides the N = 1 supersymmetric extension for all cubic interaction vertices for arbitrary spin bosonic massless fields obtained in Ref. [10, 11] . 1 In this paper, we consider massless arbitrary spin N -extended supermultiplets with arbitrary N = 4N in the 4d flat space. For such supermultiplets, our aim is to find all cubic interaction vertices. To this end, as in Refs. [9] , we prefer to use light-cone gauge unconstrained superfields that are defined in light-cone momentum superspace. We note that, in the past, the light-cone momentum superspace has fruitfully been used in many important and interesting studies of supergravity and superstring theories. As example of attractive use of the momentum superspace we mention the building of IIB 10d supergravity in Ref. [3] and superstring field theories in Refs. [5] . Momentum superspace turns out to be very convenient for studying supergravity in flat 11d space [18] and IIB supergravity in AdS 5 × S 5 space [4] . In this paper, using Grassmann momenta entering the light-cone momentum superspace, we collect fields of N -extended massless supermultiplets into a suitable unconstrained light-cone gauge superfields and use such superfields to construct a full list of cubic interaction vertices. We note that it is the formalism of unconstrained light-cone gauge superfields that provides us a possibility to build attractively simple expressions for cubic vertices and allows us to obtain full classification of cubic interactions.
Our paper is organized in the following way. In Sec.2, we start with brief review of light-cone coordinates frame and discuss general structure of the N -extended Poincaré superalgebra. We discuss a field content that enters arbitrary spin (integer and half-integer) massless N -extended supermultiplets. After that we introduce our N -extended momentum superspace and provide explicit description of light-cone gauge unconstrained superfields which are defined on such superspace. Section 3 is devoted to description of general structure of n-point interaction vertices for theories of interacting fields. We provide a detailed description of constraints that are imposed by kinematical symmetries of the N -extended Poincaré superalgebra on n-point interaction vertices.
In Sec.4, we restrict out attention to cubic vertices. First, we adopt general kinematical constraints of the N -extended Poincaré superalgebra obtained in Sec.3 to the case of cubic vertices. Second, we derive constraints imposed on the cubic vertices by dynamical symmetries of the N -extended Poincaré superalgebra. Third, we formulate light-cone gauge dynamical principle and, finally, we present the complete system of equations that allows to fix the cubic vertices unambiguously.
In Sec.5 we present our main result in this paper. We show explicit expressions for all cubic vertices that describe interactions of arbitrary spin N -extended massless supermultiplets. We start with the presentation of the superspace form of the cubic interaction vertices. After that, we provide restrictions on allowed value of N and values of spins of superfields entering our cubic interaction vertices. These restrictions provide the classification of the cubic vertices that can be build for arbitrary spin N -extended supermultiplets in the framework of light-cone gauge approach. Also we discuss representation of the cubic vertices in terms of the component fields.
Sec.6 summarizes our conclusions.
In Appendix A, we present our notation and conventions. In Appendix B, we describe properties of our light-cone gauge superfields. In appendix C, we outline the derivation of the superspace cubic interaction vertices.
2 Light-cone gauge superfield formulation of free N -extended massless supermultiplets Light-cone coordinates frame. We use light-cone gauge fields taken in a helicity basis. Therefore we start with the description of light-cone coordinates frame. In the flat space R 3,1 the Lorentz basis coordinates are denoted as x µ , µ = 0, 1, 2, 3, while the light-cone basis coordinates denoted as
Throughout this paper, the coordinate x + is taken to be a time-evolution parameter. Let X µ be a vector of so(3, 1) Lorentz algebra. In the light-cone basis (2.1) the X µ is decomposed as
Using notation η µν for the mostly positive flat metric of R 3,1 , we note then that a scalar product of the so(3, 1) Lorentz algebra vectors X µ and Y µ is represented in the following way:
Relation (2.2) implies that, in the light-cone basis, non-vanishing elements of the η µν are given by η +− = η −+ = 1, η RL = η LR = 1. We note then that the covariant and contravariant components of vector X µ are related as follows:
Extended Poincaré superalgebra in light-cone frame. The method proposed in Ref. [19] reduces the problem of finding a light-cone gauge dynamical system to the problem of finding a solution of commutation relations for algebra of basic symmetries. For field theories with extended supersymmetries in flat space, the basic symmetries are governed by extended Poincaré superalgebra. Therefore in order to fix our notation we now discuss a general structure of the extended Poincaré superalgebra.
For the case of the R 3,1 space, the N -extended Poincaré superalgebra consists the translation generators P µ , the generators of the so(3, 1) Lorentz algebra J µν , Majorana supercharges Q αi , Q α i , and su(N ) R-symmetry algebra generators J i j . Explicit light-cone form of commutation relations of the extended Poincaré superalgebra we use in this paper may be found in Appendix A. Here we note that, in light-cone basis (2.1), generators of the extended Poincaré superalgebra can be separated into the following two groups:
Our aim in this paper is to find a field theoretical realization for generators in (2.3),(2.4). We note that, with the exception of J +− , the kinematical generators (2.3) are quadratic in fields, 2 while, the dynamical generators (2.4) consist quadratic and higher order terms in fields. To provide a field realization of generators of the extended Poincaré superalgebra, we use a light-cone gauge description of fields. Content of component fields. We now proceed with discussion of component fields entering extended supermultiplets. To this end we use a label λ to denote a helicity of a massless field, while the indices i, j, k, l = 1, . . . , N stand for vector indices of the su(N ) algebra. Using such notation we introduce a field φ λ;i 1 ...iq which is (integer or half-integer) helicity-λ field of the Poincaré algebra and rank-q totally antisymmetric tensor field of the su(N ) algebra. Now the field content entering arbitrary (integer or half-integer) spin N -extended supermultiplet of the Poincaré superalgebra in R 3,1 is given by
where φ λ;i 1 ...iq are bosonic fields for λ ∈ Z; (2.7) φ λ;i 1 ...iq are fermionic fields for λ ∈ Z + 1 2 .
Fields (2.5) depend on the space time-coordinates x ≡ x ± , x R,L . By definition fields (2.5) satisfy the hermitian conjugation rules given by
where ε i 1 ......i N stands for Levy-Civita symbol of the su(N ) algebra, while the quantity e λ is defined by the relations
From now, in place of position-space fields (2.5) we prefer to use momentum-space fields which are defined by the Fourier transform with respect to the coordinates x − , x R , and x L , where we use the notation β for the momentum in the plus light-cone direction β ≡ p + . Note also that the argument p of fields φ λ;i 1 ...iq (x + , p) stands as a shortcut for the momenta β, p R , p L . In terms of the momentum-space fields φ λ;i 1 ...iq (x + , p), the hermicity conditions (2.8) can be represented as
Here and below dependence of the momentum-space fields φ λ;i 1 ...iq (p) on the evolution parameter x + is implicit. Let us also to note our convention φ † 
where e λ is defined in (2.9) and λ = 0, ± 1 2
, . . . , ±∞. From (2.7),(2.13) we see that Φ λ are Grassmann even for λ ∈ Z; (2.14) Φ λ are Grassmann odd for λ ∈ Z + 1 2 .
In order to obtain field theoretical realization we need a realization of N -extended the Poincaré superalgebra in terms of differential operators. The realization in terms of the differential operators acting on our light-cone superfield Φ λ (p, p θ ) takes the following form
16)
17)
20)
where
θ is left derivative with respect to the Grassmann momenta p i θ . To express hermicity condition in terms of superfield we find it convenient to introduce new superfield Φ * defined by the relation
It is easy to verify then that, in terms of the superfields, the hermicity condition (2.10) takes the following simple form
We now ready to provide field theoretical realization of the Poincaré superalgebra.This is to say that, to quadratic order in the superfields Φ λ , a field theoretical realization of the N -extended Poincaré superalgebra generators in terms of the superfields Φ λ takes the following form 
With the help of relations in (2.26),(2.27), we verify that the following equal-time (anti)commutator between the generators and the superfield Φ λ
holds true, where the operators G diff, λ are defined in (2.15)-(2.23).
In conclusion of this section we recall that the light-cone gauge action can be presented as
where ∂ − ≡ ∂/∂x + , while P − int stands for light-cone gauge Hamiltonian that describes interacting fields.
3 n-point dynamical generators of N -extended Poincaré superalgebra
As we have already noted we follow the method proposed in Ref. [19] that reduces the problem of finding dynamical system to the problem of finding a solution of commutation relations for algebra of basic symmetries. This implies that, for theories of interacting fields with extended supersymmetries in flat space, we should find interaction dependent deformation of the dynamical generators of the extended Poincaré superalgebra. In other words, in theories of interacting fields, one has the following expansion in fields for the dynamical generators of the extended Poincaré superalgebra
is functional that has n powers of superfields Φ * .
Expressions for G dyn [2] have been obtained in the previous section. Our aim in this Section is to discuss constrains on the dynamical generators G dyn [n] with n ≥ 3 which are obtained by using the kinematical symmetries of the Poincaré superalgebra. We describe the constraints in turn. Kinematical P R,L , P + , Q +Li symmetries.. Using (anti)commutators between the kinematical generators P R , P L , P + , Q +Li and the dynamical generators (2.4), we find that the dynamical generators G dyn [n] with n ≥ 3 can be presented as:
where, in (3.2)-(3.6) and below, we use the following notation: 11) and the index a = 1, . . . , n is used to label superfields (and their arguments) entering n-point interaction vertex. We note also that, in (3.2)-(3.6), we use the shortcuts
, and
for the following expressions
The quantities p
..λn appearing in (3.12)-(3.14), will be referred to as n-point densities. For brevity, we denote these densities as g λ 1 ...λn ,
In general, the densities g λ 1 ...λn (3.16) depend on the spatial momenta p R a , p L a , β a , the Grassmann momenta p i θa , and helicities λ a , a = 1, 2 . . . , n,
Note that the argument p a in delta-function (3.8), superfields (3.15) and densities (3.17) stands for the spatial momenta p R a , p L a , and β a . We note also that, in (3.5),(3.6), the operators X R,L
[n] , X [n] θ defined in (3.9),(3.10) are acting only on the arguments of the superfields. Namely, for example, the shortcuts X R Φ *
[n] |g [n] should read as follows
Often, we will refer to the density p
as an n-point interaction vertex, while, for n = 3, the density p − [3] will be refereed to as cubic interaction vertex. J +− -symmetry equations. Commutators between the kinematical generator J +− and the dynamical generators P − , Q −R,L , J −R,L leads to the following equations for the densities:
Commutators between the kinematical generator J RL and the dynamical generators P − , Q −R,L , J −R,L leads to the following equations for the densities:
Commutators between the kinematical generators J i j and the dynamical generators P − , Q −R,L , J −R,L leads to the following equations for the densities:
+R -symmetry equations. Using (anti)commutators between kinematical generators J +R , J +L , and Q +R and the dynamical generators
we verify that the densities g λ 1 ...λn (3.17) can be presented as
where we use the notation
In other words, the densities g λ 1 ...λn (3.17) turn out to be dependent on P R,L ab and Grassmann momenta P i θ ab in place of the respective momenta p R,L a and the Grassmann momenta p i θa . In conclusion of this section we note the following restriction on all densities in (3.16): on the Grassmann momenta P i θ ab can be realized by means of the Grassmann even quantities
while, the dependence of the supercharges Q
on the Grassmann momenta P i θ ab , can be realized by means of the respective Grassmann odd quantities
On the other hand, by definition, the generators P
(3.2), (3.5),(3.6) should be Grassmann even, while the supercharges
3)(3.4) should be Grassmann odd. Taking into account above said and relations in (2.14), we get the restrictions (3.34).
We now proceed to the main theme of our study.
Complete system of equations for cubic vertices
In this Section, we present a complete system of equations required to determine the cubic interaction vertices unambiguously. The complete system of equations is obtained by analysing the following tree requirements. 1) Kinematical symmetries.
2) Dynamical symmetries.
3) Light-cone gauge dynamical principle. We now analyse these three requirements in turn. Kinematical symmetries of cubic densities. Kinematical symmetries for arbitrary n-point, n ≥ 3, densities have already been considered in previous section. For cubic densities, n = 3, the kinematical symmetry equations can further be simplified in view of the following well known observation. Using the momentum conservation laws
it is easy to see that six momenta P
where the new momenta P R,L and P θ are defined as
Therefore, using the following simplified notation for the cubic densities, 4) and taking into account relations (3.33),(4.2) we see that the cubic densities p − [3] , q −R,L [3] , and j −R,L [3] depend on the momenta β a , P R,L , the Grassmann momentum P i θ and the helicities λ 1 , λ 2 , λ 3 ,
Now, restricting to the value n = 3, we represent kinematical symmetry equations in previous section in terms of densities (4.5). J +− -symmetry equations: Using (4.5), we find that, for n = 3, equations (3.19)-(3.21) can be represented as
6)
= 0 , (4.7) 8) where operator J +− is defined as
(β a ∂ βa + 1 2 e λa ) , (4.9)
J RL -symmetry equations: Using (4.5), we find that, for n = 3, equations (3.22)-(3.27) can be represented as
= 0 , (4.12)
= 0 , (4.13)
= 0 , (4.14) 15) where operator J RL is defined as
and we use the notation in (4.10). J i j -symmetry equations. Using (4.5), we find that, for n = 3, equations (3.28)-(3.31) can be represented as
, j −R,L [3] , (4.17) 19) where operator J i j is defined as
We now proceed with studying the restrictions imposed by dynamical symmetries. Dynamical symmetries of cubic densities. Constraints on the cubic densities imposed by (anti) commutators between the dynamical generators are referred to as dynamical symmetry constraints. This is to say that (anti)commutators to be considered are given by
First, we consider the commutators in (4.21). In the cubic approximation, the commutators (4.21) takes the form
, J −R [3] ] + [P − [3] , J −R [2] ] = 0 , [P − [2] , Q −R,L [3] ] + [P − [3] , Q −R,L [2] ] = 0 . (4.24)
We verify that equations (4.24) allow us to express the densities q −R,L [3] and j −R,L [3] in terms of the cubic vertex p − [3] in the following way,
, q
where operators J −R , J −L are defined as
28) (4.17) are satisfied, then all kinematical symmetry equations for the densities q −R,L [3] , j −R,L [3] are satisfied automatically. Third, we verify that, if the dynamical symmetry equations for all densities (4.25),(4.26) are satisfied, then all the dynamical symmetry equations obtained from (anti)commutators (4.22),(4.23) are satisfied automatically.
Thus, we see that kinematical and dynamical symmetry constraints for cubic densities amount to equations for densities (4.25),(4.26) and equations for the cubic vertex p − [3] (4.6),(4.11),(4.17). Equations (4.25),(4.26) and (4.6),(4.11),(4.17) do not allow to fix the cubic densities unambiguously. To determine cubic densities unambiguously we need some additional requirement. We refer to such requirement as light-cone dynamical principle. Light-cone gauge dynamical principle. We formulate the light-cone gauge dynamical principle in the following way: i) Cubic densities p − [3] , q −R,L [3] , j −R,L [3] should be polynomial in the momenta P R , P L ; ii) Cubic vertex p − [3] should respect the following constraint
For the reader convenience we note the requirement in i) is simply the light-cone counterpart of locality condition which is commonly used in Lorentz covariant formulations. We now comment on the constraint (4.31). As is well known, upon field redefinitions, the cubic vertex p − [3] for massless fields is changed by terms proportional to P R P L (for example, see discussion in Appendix B in Ref. [20] ). This implies that all cubic vertices that are proportional to P R P L can be removed by using field redefinitions. Since cubic vertices p − [3] that can be removed by exploiting field redefinitions are out our interest, we use the constraint (4.31).
Complete system of equations for cubic vertex. We now present all equations we obtained for the cubic vertex. Namely, for the cubic vertex
we found the following the complete system of equations:
Kinematical J +− , J RL , and J i j symmetries;
, q −R
34)
Light-cone gauge dynamical principle:
, q −R,L [3] , j −R,L [3] are polynomial in P R , P L ; (4.35) To conclude this Section, it is the equations given in (4.33)-(4.36) that constitute the complete system of equations which allow us to fix the cubic densities p − [3] , q −R,L [3] , j −R,L [3] unambiguously. As a side of remark we note that by applying our complete system of equations to supersymmetric YangMills and supergravity theories with extended supersymmetries, we verify that the complete system equations allows us to fix the cubic interactions of those supersymmetric theories unambiguously (up to coupling constants). We think therefore that it is worthwhile to apply our complete system of equations to study the cubic vertices of arbitrary spin N -extended supersymmetric theories.
Cubic interaction vertices
Now we present the solution to our complete system of equations presented (4.33)-(4.36). Some details of solving these equations may be in the Appendix C. This is to say that the general solution for the cubic vertex p
, and the angular momentum j
is given by
2)
e λa a , (5.5) 7) where we use the notation
while a definition of the symbol e λ and various momenta P R,L , P i θ ,β a may be found in (2.9) and (4.3) respectively. Quantities C λ 1 λ 2 λ 3 ,C λ 1 λ 2 λ 3 entering our solution (5.1)-(5.7) are coupling constants. In general, these coupling constants depend on the helicities λ 1 , λ 2 , λ 3 . These coupling constants are nontrivial for the following values of the helicities:
We make comments on the constraints for the coupling constant presented in (5.11) -(5.12). i) Constraint on C λ 1 ,λ 2 ,λ 3 and first constraint on M λ and N in (5.10) are obtainable from the requirement the densities (5.2),(5.4), and (5.6) to be polynomial in the momentum P L . Accordingly, constraint onC λ 1 ,λ 2 ,λ 3 and first constraint on M λ and N in (5.11) are obtainable from the requirement the densities (5.3),(5.5), and (5.7) to be polynomial in the momentum P R . ii) Constraint M λ ∈ Z in (5.10),(5.11) is simply obtained from the one in (3.34) when n = 3. iii) Constraint on coupling constants in (5.12) is obtained from the requirement the cubic Hamiltonian P − [3] to be hermitian. This constraint can straightforwardly be derived by using relation (B.15) in Appendix B.
To summarize relations (5.1)-(5.3) give the classification of cubic interaction vertices for Nextended massless arbitrary spin supermultiplets, while expressions (5.1)-(5.3) give the momentum superspace representation for these vertices. Cubic interaction vertices in terms of component fields. For the reader convenience we now present cubic vertices in terms of component fields. To this end we focus on interaction of three
and represent the cubic Hamiltonian in the following way
where expressions for dΓ p [3] , dΓ p θ [3] are obtainable by setting n = 3 in (3.7), (3.8) . It is the vertex V Φ λ 1 Φ λ 2 Φ λ 3 (5.14) that provides us the representation in terms of the component fields. Plugging (5.2) into (5.14) and using (B.1), we get 15) where we use the notation
Note that, in (5.15), the summation runs over values of q 1 , q 2 , q 3 = 0, 1, . . . , N which satisfy the constraint q 1 + q 2 + q 3 = N . Such constraint is appearing in view of
Internal symmetry. Let us demonstrate the incorporation of internal symmetry in our model by considering the algebra o(N) as internal symmetry algebra. The internal symmetry can then be incorporated into our model as follows. 20) where the symbol e λ is defined in (2.9). Note that the constraints (5.20) are consistent in view of the relation (−) 
we use the expressions Φ * ab λ 1
. Third, (anti)commutators (2.27), are represented as
The following remarks are in order. i) For λ 1 = 0, λ 2 = 0, λ 3 = 0, the vertex (5.1) describes self-interacting scalar superfield Φ 0 and such vertex has already been obtained in Ref. [8] . Thus our result for cubic vertex p
given in (5.1) agrees with previously reported result related to particular values of the helicities λ 1 = 0, λ 2 = 0, λ 3 = 0, and provides expression for the cubic vertex p
corresponding to arbitrary values of the helicities λ 1 , λ 2 , λ 3 . ii) Taking into account the relations (5.16),(5.19), we find
Using (5.24), we now note that, if we choose the following solution for the cubic couplings constants 25) then, in terms of helicities Λ a of the component fields appearing in (5.15), we get the relation
In (5.25),(5.26), the g is a dimensionless coupling constant, while the k is a dimensionfull parameter. Relation for coupling constants (5.26) coincides with one proposed in Refs. [21, 22] for bosonic theories of higher-spin fields. Thus, we see that for bosonic truncation of our N -extended supersymmetric model, solution given in (5.25) coincides with the one in Refs. [21, 22] . Taking this into account, we then conjecture that generalization of our solution for coupling constants in Refs. [21, 22] to the case of N -extended supersymmetric model is given by the relation in (5.25). Also one can conjecture that solution (5.26) supplemented by the constraintC λ 1 λ 2 λ 3 = 0 provides N -extended supersymmetric generalization of the bosonic higher-spin chiral model in Ref. [23] .
Conclusions
In this paper, we generalized our previous study of N = 1 massless supermultiplets in the flat 4d space in Ref. [9] to the case of N -extended massless supermultiplets. For the N -extended massless supermultiplets, we build unconstrained superfields and used such superfields to develop the lightcone gauge superspace formulation. We used our light-cone gauge superfield formulation to get full list of the cubic interaction vertices for N -extended massless both the integer and half-integer spin supermultiplets. We obtained restrictions on the values of N and helicities of superfields which provide the complete classification of cubic vertices for the N -extended massless supermultiplets studied in this paper. We note also that our treatment of light-cone gauge superfields provides us the attractively simple superspace representation for the cubic interaction vertices. Now we would like to discuss potentially interesting generalizations and applications of our study.
i) Perhaps most interesting generalization of our results in this paper is related with the light-cone gauge higher-spin field theory in AdS. Light-cone gauge formulation of interacting massless fields in AdS 4 has recently been developed in Ref. [24] . We expect that methods and approaches in this paper and in Ref. [24] can straightforwardly be generalized to the case of light-cone gauge N -extended supersymmetric theories in AdS 4 . Here, for the reader convenience, we note that higher-spin gauge field theory in AdS 4 was developed in [25] , while various N -extended supersymmetric higher-spin gauge field theories in AdS space were studied in Refs. [26] - [29] . Also we mention approaches in Refs. [30, 31] which might be helpful for studying higher-spin supersymmetric theories in AdS. ii) In this paper, we restricted our study to massless supermultiplets in the four dimensions. Generalization of our study to the case of massless supermultiplets in the higher dimensions could be of interest. In this respect, we note that all parity invariant cubic vertices for massless arbitrary spin light-cone gauge bosonic and fermionic fields in the higher dimensions were built in Refs. [20, 32] , while the discussion of massless supermultiplets in higher dimensions may be found, e.g., in Ref. [33] . 3 We expect therefore that studies in Refs. [20, 32, 33] might be helpful for investigation of interacting supermultiplets in the higher dimensions. 4 iii) We expect that our results for supersymmetric massless higher-spin light-cone gauge fields obtained in this paper might be helpful for the extension of our study to the case of supersymmetric massive fields. In light-cone gauge approach, interaction vertices for massive arbitrary spin bosonic and fermionic fields in the flat space were studied in Refs. [20, 32] . We think that light-cone gauge cubic vertices in Refs. [20, 32] will be helpful for the studying supersymmetric theories of massless and massive fields. For the reader convenience, we note that, in Lorentz covariant approach, N = 1 higher-spin massless supermultiplets by using BRST method were studied in Ref. [41] , while the N = 1 massive supermultiplets are considered in Ref. [42] . Cubic self-interactions of massive fields and couplings of massive fields to massless fields were studied by using BRST approach in Ref. [36] . iv) In the recent time, higher-spin theories in three-dimensional flat and AdS spaces have extensively been studied in literature. Namely, we mention the interacting massless higher-spin gauge fields in 3d was studied in Ref. [43] , while higher-spin massive fields was investigated in Refs. [44] - [46] . Recent applications of conformal geometry for studying 3d conformal higher-spin fields may be found in Refs. [47, 48] , while unfolded formulation of 3d conformal fields is considered in Refs. [49] . We note, as the massless light-cone gauge higher-spin fields are trivial in 3d space, the usefulness of the light-cone formalism for studying such fields is not obvious. However for the case of massive fields and conformal fields we expect that the light-cone gauge approach might be helpful for better understanding of various aspect of massive and conformal field theories in three dimensions. For the reader convenience we note that light-cone formulation of higher-spin massive fields in the 3d flat space is well known, while the light-cone gauge formulation of higherspin massive fields in AdS 3 was obtained in Refs. [50, 51] . In the framework of ordinary-derivative light-cone gauge formulation, higher-spin conformal fields was studied in Ref. [52] . v) Quantum properties of bosonic higher-spin gauge field theories were studied in Refs. [53, 54] . In Ref. [54] , the arguments were given for UV finiteness of bosonic chiral higher-spin theory. We note also that, in the framework light-cone approach, recent discussion of quantum properties of N = 8 supergravity may be found in Ref. [6] . We believe that our results for cubic interactions of N -extended arbitrary spin supermultiplets and methods in Refs. [6, 54] might be helpful for study of quantum properties of N -extended supersymmetric higher-spin field theories. vi) Application of light-cone gauge approach for studying interacting continuous-spin bosonic field may be found in Ref. [55, 56] . We believe that the methods developed in this paper might be helpful for studying interaction in supersymmetric theories of continuous-spin field. In Lorentz covariant frame study of interactions of bosonic continuous-spin field may be found in Refs. [58] . Discussion of light-cone gauge continuous-spin field in AdS is given in Refs. [59, 60] .
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Appendix A Notation and conventions
N -extended Poincaré algebra in light-cone basis. Using notation P µ , J µν for generators of the Poincaré algebra we present (anti)commutators of the N -extended Poincaré superalgebra given in (2.3),(2.4) as Commutators of generators of Poincaré algebra and su(N ) algebra:
Commutators between supercharges:
Commutators between supercharges and generators of Lorentz algebra:
Commutators between supercharges and generators of su(N ) algebra:
Note that in the light-cone basis, commutation relations for generators of the Poincaré algebra can be obtained from (A.1) by using the flat metric η µν with the following non-vanishing elements η +− = η −+ = 1, η RL = η LR = 1. Also note that, in (A.9) the shortcuts Q i is used to indicate the supercharges Q +R i , Q −L i , while the shortcut Q i is used to indicate the supercharges Q +Li , Q −Ri . Hermitian properties of the generators are assumed to be: 
The hermitian conjugation for product of two quantities A, B having arbitrary ghost numbers is defined according to the rule (AB)
For the Berezin integral we use the rule
Grassmann Dirac delta-function is fixed by the relations
Grassmann Fourier transformation and its inverse are fixed to be
Using definition in (2.24), we find the following expansion for the superfield Φ * λ :
Realizations of N -extended Poincaré superalgebra on superfield Φ * λ in terms of differential operators: With the help of (B.15), we see that, requiring the P − [3] to be hermitian, we obtain constraint on coupling constants in (5.12).
Appendix C Derivation of cubic vertex p − λ 1 λ 2 λ 3 (5.1).
Our procedure of the derivation of cubic interaction vertex p − [3] given in (5.1) is realized in the following five steps.
Step 1. From (4.36) we see that the vertex p − [3] can be presented as p − [3] = V (P L , P θ ) +V (P R , P θ ) . 
where we use notation in (5.9) .
Step 2. Using p − [3] (C.1) and requiring that the density q −L [3] (4.34) be polynomial in the momentum P R , we find V ε (P L ) = 0. Using p − [3] (C.1) and requiring that the density q −R [3] (4.34) be polynomial in the momentum P L , we findV 0 (P L ) = 0. We have the relations
Step 3. Taking into account (C.4), we learn that equations (4.34),(4.33) amount to the following Equations for V 0 :
β a ∂ βa V 0 = 0 , (C.5)
Equations forV ε :
β a ∂ βa V ε = 0 , (C.8) Let us consider the system of equations (C.5)-(C.7).
Step 4. Equation (C.6) is solved as 12) where V (1) depends on the momenta β 1 , β 2 , β 3 and the helicities λ 1 , λ 2 , λ 3 . Plugging (C.12) into (C.5),(C.7), we obtain the equations
β a ∂ βa V (1) = 0 , (C.13)
(C.14)
Step 5. Introducing new vertex V (2) ,
a=1,2,3
e λa a , (C. 15) we learn that equations (C.13),(C.14) leads to the following equations for V (2) :
From (C.16) we find that the V (2) does not dependent of the momenta β 1 , β 2 , β 3 ,
where C λ 1 λ 2 λ 3 is a constant depending only on the helicities. Collecting formulas in (C.12)-(C.17), we obtain vertex V λ 1 λ 2 λ 3 presented in (5.2). Repeating analysis above-given for the vertexV we obtain solution toV λ 1 λ 2 λ 3 presented in (5.3).
